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INTRODUCTION 


_ This paper, describing the milling methods at the concentrator of the 
Premier Gold Mining Co., Ltd., Premiev, B. C., Canada, is one of a series 
being prepared by the United Statcs Bureau of Mines on milling methods and 
costs in the various: mG districts throughout the United States and 
Canada. 
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LOCATION 


The Premier mine and mill are situated in northern British Columbia, 
aoproximately 15 miles north of the head of the Portland Canal in the Salmon 
River section, about half a mile east of the Alaskan-British Columbia boundary 
line where it crosses the Salmon River. The mill is located on a rather 
steep hillside on the horizon of the main haulage level of" the mine,’ and is 
within 100 feet of the mouth of the tunnel. 


Both the mine and mill are connected with tidewater at Stewart, B. C., 
by an aerial tramway 11.5 miles long, which delivers both ore and concentrate 
to the bunkers at the dock for shipment to the smelters. All the mine and | 
mill supplies except heavy machinery, are transported from Stewart dock to 


1 The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is usec; "Reprinted from U. 5. Bureau 
of Mines Information Circular 6742." 

2 One of the consulting engineers, U. §. Bureau of Mines, and manager, 
Premier Gold Minind €o., Ltd. : 

3 Mill superintendent, Premier Gold Mining Co., Ltd. 

4. “Assistant mill superintendent, Premier Gold Mining Co., Ltd, 
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Premier over this tramvay. Heavy pieces are hauled either by truck in summer 
or sleighs in winter over a gocd road which runs from Stewart dock to Premier. 


HI STORY 


When the Premier mine first caiae to the attention of the public, in 1918, 
the impression was ,;seneral that it was:a’ bonanza deposit of straight shipping 
ore. Wrile the first shipments were very high-grade gold~silver ore, it was 
early recognized by the management thet in addition to the nigh grade there 
would be a considerable tonnage of milling ors. It was therefore necessary to 
look toward a milling program early in the mine's history. 


The ore developed during the carly stages of the mine's operation was a 
highly siliceous denosit carrying an intimate mixture of auriferous pyrite 
with small percentages of zinc, lead, and copper sulphides. The predominating 
values were in silver and gold. — ; 

Samples. taken: from development work and diamond=driil cores were sent to 
the Flat River, Mo., testing plant of the American Gnelting & Refining Co, 
where tests were run to determine the best method of treating this tyne of 
ore. The wide variation in the composition and value of the ore is illus- 
trated by the POrTeNEne analyses, Feprecenuing various eames on ee tests 
were rune 


* . 
See 


Table alge Cre in analyses of Premier ores 


Assay, 
Assay Assay, percent 
. zine | copper | t2on,| inectsmae | suiptar 


1. 0.024 1.65 
S » 40 2.90 
3 41 | 18.05 
4 64 | 2.85 
5 1.26 6.50 
6 1.33,.|.. 4 6.30 


The treatment methods aged. in ages somerieca straight yenvedtien and 
cyanidation in combination with tabling and flotation. The method adopted as 
a result of a great many tests, was.to remove a fairly coarse table concen-. 
trate, high in gold; the table tailing was reground and treated by flotation 
for the removal of additional gold and silver,-. -and the flotation tailing was 
thickened and treated by cyanide, using goyntereurrent;decantation. This 
method differed from any other commercial installation then in use, and was 
distinctive in the feature that all: grinding and flotation operations were . 
done in cyanide solution, Flotation reagents used comprised; steam~distilled 
pine oil, Barrett No. 634 creosote oil, and coal tar. Wilfley tables and Kak 
Zlotation machines were used in concentrating. This treatment method was en’. 
ployed until 1926, with the results indicated in tables 24 and 2B. 
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In 1926 the development and use of chemiéal flotation reagents was re- 
ceiving considerable attention anc experiments with various combinations of 
these reagents were carried out in the mill laboratory. It was found that 

vihen xanthate and steam-cistilled pine oil were used in a circuit made 
slightly alkaline with sodium carbonate, the recoveries by: tabling and flota- 
tion equaled those formerly obtained by tabling, flotation, and cyanidation 
and at a considerable saving in cost. The results were so gratifying that a 
ill run of one month's duration was made uping the experimental method and 
reagents as described. The results of the mill run were eRUEneN satisfactory, 
and it was decided to discontinue eyenidentees 


The spite mill had | a ene, daily inn of 150 kote, When cyanica- 
tion was discontinued, another unit of 250 tons capacity was built. This in- 
crease of capacity was justified by pasttsonal rt ore that had been de- 
veloped while opening up the pores - o 

The treatment methods cmlorea for sonrusiastele: one year after the con- 
pletion of the new unit continued to be tabling followed by flotation. Dur- 
ing this period experiments were carried on jin the mill laboratory using 
various other combinations of chemicals and reagents. The résults of these 
experimentg indicated that all-flotation methods using aerofloat and sodium 
carbonate wits &@ small amount of cyanide would give recoveries equally as 
good as were being made with flotation and tables and, therefore, in 1927, the 
veviee were eliminated in re eaOw sheet and. all-flotation methods adopted. 


The cinds and quantities of flotation reagents used after the adoption 
of all-flotation methods from 1927 to 1931, inglusive, are ‘given in table 3, 
and the metallurgical data for the samc periods are presented in table 4.. 


In table 3 a decided decrense in the amtunt of sodium carbonate used 
may be notefl, beginning in 1929, which was due to the' adoption of hydrogen- 
ion control: in the flotation circuit. The highest recoveries have been made 
when a pH value of 7.8 was maintained, although pH values pees than 7.8 
have le neither detrimental nor, beneficial results. | 


PRESENT METHOD OF MI ILING 


The ore is hauled to the mill by Edison storage—battery locomotives in 
trains of nine 2-ton~capacity cars. The main haulage .system is on the 
fourth level of the mine and at the same elevation as the. top of the mill 
bins. The dre was weighed in cars over a period of years and ‘a weight factor 
determined for the cars. At present the mill tonnage is detedmined from the 
number of cars delivered, the weizht factor for the cars beihg checked 
periodically. Moisture samples are taken, and over a period of years the 
ore has Bvereece 2 percent of moisture. i 


A side elevation of: the ‘concentrator is shown in figure 1. 
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Referring to figure ea, mine=sun of ore is Sumned onto 2 erizzly made of 
80—pound rails spaced 12 inches anary and thence ihto two Dins, each of: 100- 
ton capacity, one for hish-yrade ore and the other for mill ore. The nign- 
grade ore is drawn from its. ia ‘onto a 26=inch, l2Z—ply belt’conveyor, which 
carries it to an 18= by 30-inch Blake~type crusher set at 3 inches.. The 
crushed product is then’ elevated. .by ao: system of three conveydrs to the tran 
way ore bin, from which it is dravm into tram buckets end sent to the bunkers 
at the dock for snipment to smelters at either Tacoma or dnyox. 


The mill ‘ore is. Craym from its bin onto e, 42-inch ce naesidenecn apren 
feeder and is fed directly to the same, 18-: ‘by 20=inch jaw crusher that handles 
smelting ore. From the jaw crusner the oré is elevated by a series of two 
inclined conveyors, and discharged into a:l00-ton-capacity bin. An electro- 
magnet is suspenced. oyer each conveyor for , the removal of tramp Bteol and 
iron. ; | 

From the bin the Blake crusner product passes over a Niagara screen with 
1-inch openings. The oversize is fed directly to,a No. 6 McCully Superior 
gyratory crusher set at l inch. The’ material passing through the screen 
/unites with the crusher discharge, then elevated by a 14—- ty 7-inch bucket 
.elevator, and is discharged azainst an adjustable gate so set that about two- 
; tuirds of the product from the elcvator goes into a din above the Hardinse 
mill while the remainder is carried by a 20-inch conveyor to a bin above the 
ilarcy mill. ee a A . _ ' 

“In the seiaieal smisnins installation there were ac Sen No. 2D 
Gates gyratory crusners, one for mill ore and the other to handle shipping 
ore, It was soon found, however, that the run-of=mine ore contained con- 
siderable amounts of material tov coarse to be handled by these small crushers; 
hence, it was necessary to put in the 18 by 30 inch jaw crusher as best the 
contour of the hill and the mill location would permit. The No. 3D mill gyra- 
tory crusher remained in the circuit until the. néw :my1l unit. was built in 
1926, when a larger one-~a No. 6 McCully--replaced: it to. serve both old and 
new mill units. To accommodate these changes, a series of belt conveyors had 
to be worked out and fitted in as best suited ‘to the exiting units. 


Tre capacity of the two: Sracnere used ~ present. ‘ig influenced by the 
character and condition of the ore mined during different seasons of the 
year. The heavy run-off when snows melt in the spring and during the rainy 
season finds its way underground and at times makeg the ore very wet and 
sticky, causing the plugzing of the gyratory crushér | "in spite of the removal 
of fines before crushing, thereby limiting the: emount‘ of material crusued. 
During these ‘seasons the discharge opening of the gyratory crusher is in- 
creased somewhat ,: ‘Tesulting in a coarser feed tc the ‘Grinding units. 

Crushing~plant data are given in table: 5 end screen tsniyees of crushing- 
plant. products in table 6. : 
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Legend 


Taree sine bine, i0D-ton cepas!ty 


A Bett conveyor, 26-Ineh, O-ty. aotor 
Apron feeder, 42-inch, 5=hp. motor 


Blake crusher, 40- by id-inch, set at 35 Inches, SO-np. motor 


Belt conveyor, Z-Inch, 90 feet per minute, K~hp. sotor 


Suspended magnet 


coarse crushing 


iz] 


Belt conveyor, 22-inch, 460 feet per minute, i0-rp. motor 
Svepended magnet 


Def tecting gate - feed to tram or alll bine 


C aeit conveyor, 2-inch, #0 feet per alnute to trem bine, 
Kerp. sotor 
MULE Bin, 1WO=ton capacity 
NO, 2 Niagara screen, t-lagh openings 
Cry reagent feeder for eoda ash and cyanide 


Ne. 6 MoCvily gyratory crveher, SO=hy, sotor 


inch 


Conveyor to elevator 


dusket eleveter, idm by J-inch buckets, KO-ty. sotor 


Belt conveyor, D-inch, 2 feet par minute, sry, eotor 


~ 


Bin feeding Marcy mill, 0-ton capacity 


Bin feeding Hardinge elit, IG0-ton capacity 


Fine crushing to 4b 


belt feeder, 20-inch, 6 feet per wimute, d=hp, setor 


GS tater-eupply tank, constant head 


= serof oat Mechanical reagent feeder 


Figure 20= Fiow sheet of coarse wis fine crushing. 
we” Bea : 
Hardinge ball tILt, d-foot by sueiNch 24 Comets, 1s0="), 


rotor, Tex-rope drive 


vorr classifier, aovel 0, v- by Z-foot 


salijter autoratic sampler 


abit ley sa% pure, geinch, A=-hp. motor 


lao creier f.ctation collé 


Tas Premier cissarfiers, gofoot 


raiage unit 


AS, tuoe wlll, Ge dy afoot, 2d FepeMe, 75-ty, aoter 


Ore to Mare, sill 


belt feeder, . feet cer minute 


bechaniea! reagent feeder 

he, 64 1/2 Marcy ball wlll, 25 repeme! 
Dorr mode! C duplex cleselfier, 4 1/2-foot 
Gallgnher evtomatio sampler . 

Wilfley sand pump, s-inch, D-ty, sotor 


Premier fletation cell 


Maroy unit 


poret lost Premter claselfier, 4-feot 


Maohenical reagent feeder 


Calerado Iron aorke tube mill, g- by G-foet, 2 repem, 
pelt driven 


: A XD=ty, motor drives entire tarcy wit, 


Fig<ure 3e= Flow sheet of grinding and preliminary flotation. 
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Teble 5.- Crushing data for the vear 1931 


Jay crusher Gyratory crusher 


Size of feed openings.............. inckes oe 18 by 30 

Size of discharge openings-..+-+... do. ...| 3 

Horsepower installed... ..ce-cecscccccsvccoce ,2) 60 
Tye. Of GTI V0ssssbsins si cetGee ores csaas Belt | Belt 
Wear of stationary plates.......tons crushed 20,266 aa 
Wear of swing plates.........seee+e Ow oo. 39,516 | == 
Wear of set of CONCAVEBesccreee- see Oe eve ~eee 39,868 
Wear-of Mantlé@ssss cs dice ceesoseiuwew (GO. wes ass 105,386 


Kind of wearing parts........-...+ paises wees Gin 
Ore crushed per hour....-+..+....- « tons ... 42 


Table 6.~ Seren ere of crushi ing-plant products, 1931 


Blake -Gyratory Niasara scroon Ball-mill 
crusher2/ crusher undersize | feed 
Size Per~ | Cumla- | Cumula- 


cent | tive ont. tive 


Plus 3 inch... 


Plus 1 inch... : 18.2 
Plus 1/2 inch. S13 
68.9 


Plus 1/4 inch. 
Minus 1/4 inch 


1/ Feed all minus 12 inch. 
2/ Minus 1 inch. 


GRINDING 


The flow sheets of the newer and older grinding sections are presented in 
figure 3.. In the newer unit the crushing—plant product is fed by a 20-inch 
conveyor to an 8-foot by 36-inch Hardinge ball mill operating in closed cir- 
cuit. with a Model D, 6- by 20-foot Dorr classifier. The overflow of the 
classifier is elevated by a 4-inch Wilfley sand pump to two 4 1/2-foot cones 
with 75° side slope placed in parallel and equipped with Premier flotation 
cells and sand discharge boxes. ‘The two cones, with attachments, are in 
Closed circuit with a 5= by 8-foot Allis-Chaluers. tube mill. 


In the older section of the mill, as shown in figure 3, the ore is fed 
by a 20-inch conveyor to a No. 64 1/2 Marcy ball mill operating in.closed cir- 
cuit with a 4—foot 6-inck by 14—foot 8=—inch Model 6 Dorr classifier. The 
grate discharge of the ball mill has 1/8-inch openings. The classifier over- 
flow is pumped to one 4 1/2-foot cone equipped with e Premier flotation cell 
and a sand-discharge box. ‘The cone is operated in closed circuit with one. 
4- by 8-foot regrind mill. : 
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The function of the flotation.cells in both grinding circuits is to re- 
move a coarse concentrate.as soon as possible. Tie cencentrates-so removed 
from botna circuits are sent by gravity to one l2-foot KiK cleaner flotation 
cell which produces finished concentrate for dewatering. 

‘Data for primary a regrinding mills are presented in table 7; a typical 
screen analysis of feed to primury grinding mills ig given in table 6 and 
screen analyses of primary grinding circuit products are presented in tadle ¢; 
screen analyses of regrindinz circuit products are presented in table 9. Con- 
sumption and costs of balls and liners are siven in tavles 10 and ll, re- 
spectively. 7 | . 

HLOTATION. 

The flotation flov sneet, except that part already described in the 
Grinding circuits, is given in figure 5. The overflow from the cones of eack 
grinding circuit passes to a set of three Premier flotation--cells arranged in 
series. The concentrates from the six cells of the two sections are cleaned 
in one 12-foot KeK cell, which produces finished concentrate for dewatering. 
The. tailings from the final cell of. cach: .section is gent. to one 8-foot cone 
classifier. The discharge products of the two cone classifiers in both: sec~ 
tions are sent to-one 4 1/2-foot Dorr classifier. The Dorr classifier sand 
is delivered to cne 6-foot by 16-inch Hardinze ball mill. The Dorr classifier 
overflow, together with the ball-mill discharge, is returned to the cone 
classifiers, thus erOeInS ‘the circuit petwecs the cone ee and ‘the 
grinding mili. 

‘ The overflows of the s Supeat ‘cones are conveyed to a 4-foot ‘surge 6% 

_ a 4-inch Wilfley pump and from there are distributed partly to two l2~cell, 
24-inch Minerals Separation subaeration machines placed in series, the re- ~ 
mainder going to two double spitz, l2-foot Kav flotation machines placed in 
series. The concentrates from the first four cells of No. 1 Minerals Separa- 
tion machines are finished products and are delivered to the concentrate col- 
lecting thickener bj a Q-inch Wilfley pump. The froth products of the remain- 
ing 8 cells of this machine join those from the 12 cells of the second M. 5. 
machine and are returned as middlings by a e-inch malate puny to both se the 
4 1/2-foot cones above the regriné mills. 

The sctwentiate from ‘the first Kak sous ‘is dicansds in the Re sieaney 
cell, which handles the rougher concentrates from the Premier cells. The 
froth from the second K&K rougher is returned :to the 4 1/2-foot' cones of the 
regrind circuit together with the middling froths of the Minerals Separation 
meee . | | 
The: ted ling ‘from, ‘the seecaa Kak ere sai the tailing from the second 

Minerals - bil seleaktos spec are waste EBECnue ns: 


- herofloat No.-15 ‘ie fed: to ‘alt. grinding “antes iy sehen Peabo: 
cyanimid and soda ash are mixed dry and fed by a pee enone: Merete’ zinc 
feeder to the ore at the gyratory crusher. Z 
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Legend 
Feed tank 
Feed pipe 
Aerating chamber 
Froth overflow 
Fines overflow 
Coarse discharge 
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Figure 4.- A, Three-cel! Premier flotation machine; B, details 
of Premier flotation cel 
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Legend 
Six Premier flotation cells 


Two cone classifiers 


Mechanical reagent feeder 
Hardinge ball mill, 6-foot by i6-Inch, 

27 Tapem, 50-Np. motor, Tex-rope drive 
Two wilfley sand pumps, 2=inch, !0=hp. motors 


Fine grinding and Premier flotation cel 


Dorr duplex mode! C classifier 
Wiiffey sand pump, g-inch, 2-hp. motor 


Surge box, 4= by 4-foot 


~ 
3 
Qo 
he 
(+) 
fe} 
fame 


wilfley sand pump, g-Inch, 2-hp. motor 
Two MS. sub A flotation machines, 12-cel!, 


wen ew ew eww ew em ew we em mw nmr wr errr 


2-Inch, 75-hp. motor per machine 
Two wilfley sand pumps, 2-Inch, 5-hp. motor 


TTT LLL 
ee ee 


wilfley sand pump, 2=Inch, 5=hp. motor 


Wilfley sand pump, 2-inch, I0-hp. motor 
K & K cleaner flotation cell, 12-foot, 
doub le=-ep itz 


' Two K & K rougher flotation machines, 


Flotation M.S. and K& K machines 


12=foot doub le-ep itz 


Wilfley eand pump, 2-Inch, O-hp. motor 


Figure 5.- Flow sheet of flotation. 


Legend 
| oe ! t (Y) Dorr thickener, 40-foot 
i =< .) Dorrco pump, Noe é 
$ ~ (Z) Oorr thickener, ,30-foot 


wilfley sand pump, 3-Inch, 
-B-hy. motor 

Dorrco pump, Noe 4 

Witfley sand pump, 2-Inch 


15=Np. motor 
Dorr thickener, id-foot, equipped 


< 

4 

O 
<@) 


Thickening and filtering concentrat 


(@) with gO-foot mechanism, 5-hp. motor 
Dorrco pump, No. 4 
3s Goyer an Oliver filter, diameter 5 feet 4 Inches, 
Pi = ills are 
| O pu tt Oliver filter, dlareater 5 feet 4 Inches, 
| © t face 6 feet 
Flotation concentrate to tram bin Vacuum pumps, moisture trap 
ee Le ae oo = © an 
Dewatering pump 
= 
Galigher automatic tailing sampler 
-_H hs 
”) Krogh sump pump, 3-Inch, |5-hp. motor 
------= Alternative route 2 


i -—-= Concentrate 


Figure 6.— Flow sheet of dewatering, 
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Table 8.7 Screen ana analy s ses of products of primary grinding er 195 


iio. 64 LIfe: Haroy _.__ | ___8-foot by 3 So-inch Eardinge __ fardinge 

| Ball-mill | a Beli-mill | Ciassifier. 
Mesh | discharge | discnarge, Return Overflow 

Per- | Per-! | | Per-! ‘Per-| 
cent. Curie cent Cuma. ¢ ent | Cum. , Cum. 
trO..e | 20.7] 26.7 26.3! 26.3) 28.8} 28.5 1.3/ 1.3 
+50... | 50.6] 57.3 o1.6| £7.9| 41.1) 69.6 12.4 
+80...) 10.5| 67.6 j 10.5; 68.4| 12.5 82.2 54.8 
+#10%.. 1 5.4] 73.6 5.6| 72.7| 4.4] 86.6 43.4 
+150..| 4.4] 77.4 4.0} 77.71 2.7! 39.3 50.9 
+200.. 1 4.5] 81.9 4.8| 62.5| 2.2| 91.5 60.6 
~200.. | 18.11100.0 17.5}100.0} £45 {100.0 400 .0 


‘Table 9.- Screen analyses of rezrinding circuit products, 1931 


- a, 
Marcy-mill section, |4- by €-foot;Hardinge-mill soction, 
— 4 1/2-fovt cone lregrind—millj| 4 1/2-foot cone 


S- by O-foot 


regrina-mill 
size, classifier |. discharge classifior discharge 
mesh | Discharge | Cverflow Discharge | Cvcrflow 
Per- | Per |Per-| |Per- Per- | 
cent n one | cent hei Sent Cam ‘leont Cun- | cent aoe 
+50...| 39.9] 39.9| 1.9] 1.9]. 7.8! 7.8 |37.5] 37.51 0.3| 0.3| 27.4) 27.4 
+80...| 27.7 6 7| §&.4 | 12.9 20.7 |25.3) 62.8) 1.7) 2.0) 23.0| BHe4 
+100../ 14.1] 81.7! 9.8] 18.4| 11.5] 22.2 |13.0| 75.8] 7.3 7 
+150. e;" 8.0 | 89.7 11.2 29.6 | 15.2 47.4 ) 8.9: 84.7 8.0 . O 
+200..| 5.1} 94.8/11.7| 31.3 |-16.0| 63.4 | 6.7] 91.4) 8.1 
=-LO0 5.2 1100.0 58.7 100.0 56.6 100.0 3.6 100.0: 74, ) 


8-foct cone classifier | Dorr classifier in “gireuit. ‘6-foot Rarding 
Screen handling primary tail- |. with 6=Foot HeTCInEe, mili aches aang ee 


size, | ing — charge __ 
mesh |_D; pee wert lon is 
Per- Per-| . Bde  Per- 
cent| OW. — | | cent isi 
+50... | 1355} 13.5] 0.3] 0.3] 13.1} 13.1] 'O.9) (0.9: 1 | 6.0 | 6.0 
+100.. 19.7 56. 9 7.71-10.2}- 23.5] 74, ” 19.9 B26 + 10.8 26.9 
+150.. | 15.6] 72.5; 9.8] 20.0 |--12.4} 87.1| 21.5] 54.4 11.7 38.6 
+200.. | 13.1! 85.6} 12.1) 32.1] (662 93.8 13.6] 68.0 12.5 | 51.1 


—— ee 
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Table 10.- Consumption and cost of bells used in grinding circuits, 
years 1927-1901, inclusive 


Balls Cost of bells 


Ore consumed per ton 
Year milled, Total cost { ver ton of ore 
dry tons of balls treated 


Oa ae 


$23,061.47 


1927 | 147,536 | 595,625 
1928 | 162,112 | 720,625 - 27,085.94 .167 
1929 | 165,143 | 668,540 - -. 23.215.62 | 0141 
1930 | 151,936 | 668,750 (26,664.27 4.40 | 0175 
169,760 |. 707,844 4.17 | 6137 
| 


1931 23 271.85 


fable 11.~ Consumption and cost of ball mill liners, years 1927-1931, 


inclusive 

Ore Total Average Total Pounds |, Liner cost 

milled, | cast-iron. | unit cost | . cost of | pez ton per ton 
Year | dry and ‘steel | of liners liners | milled of ore 
tons liners per 100 | milled 

used, |. pounds _ 

1927 | 147,536 $12,531.74 $0.085 
1928 | 162,112 104,750 ‘12.19 12,767.93 079 
1929 | 165,143 93,289 -11.02 10,278.12 062 
"1930 |--151,936 | 112,745 |. 10.71 . 12,072.56 - 6079 


1931 | 169,750 89, 286 10.32 9,218.54 054 


| The flow sheet as described employs a stage grinding~flotation-classifi- 
‘Cation system, which ctves a-differential grinding effect.whereby the heavier 
sulphide particles are ground much finer than the gangue material. The de~- 
Velopment of this flow sheet resulted from data obtained from mill operations 
and laboratory tests. It was found that 50 to 60 nercent of the mineral 
values could be recovered when the cre was ground. 56 nercent minus 700 mesh, 
and that the balance could be removed as a middling product to be returned to 
the ¢ircuit'for further classifying, grinding, and-flotation. .When.the present 
hethod wag adopted, the size of grinding-was decreased.from.81.percent minus 
<00 mesh to 70 percent minus 209 mesh without affecting either recoveries or 
évrade' of concentrate. ° b oe : se ORE eS at ee 
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A 3-cell Premier flotation machine is shown in figure 4A, and the details 

of one cell are. siown in figure 43. This mackine is of the cascade type and 
was developed for use between the primary grinding and régrinding circuits 
and in this position removes a concentrate as soon as grinding has reached 

ne degree where flotation is possible. In addition to the advantage of per- 
mitting coarser grinding, the Premier flotation machine removes the valuable — 
‘minerals from the circuit as soon as possible, eliminates the peaks in the 
feed to the mechanical flotation machines, and produces a coarse concentrate, 
which in turn improves thickening and filtering operations. Previous to the | 
installation of those.cells, wren flotation feed ws ground 81 percent mimis . 
200 mesh, the thickening and filtering capacity was taxed to the limit in 
handling the finely ground concentrate. After the introduction of the stage’ ™ 
grinding-flotation-classification system, the percent of minus 200-mesn ; 
material in the concentrate decreased from 88 to 60 percent and the capacity 
of the filters increased from 525 to 998 pounds per square foot per 24 hours. 


‘Typical analyses of flotation products and typical recoveries of gold 
and silver are given in table 12; typical screen-assay analyses of final con- 
centrate and ee are eck, = table 1s. 


Table 12.- Tropical Loe ses of flotation products and recoveries 


for August, 1932 


Recoveries 
Per- [Per- 
cent jcent 
gold isilver 


Crt 


Heads ..:..../1 
Primary con-.|.. 
centrate 
from Premie 
“Cells ocscee] eeeee [acevo eee - -C ‘é °: 08 | wee wel cree 
‘eK cleaned {| : a | 
concentrate. 
Feed to sec- 
ondary flo-. 
tation . 
machines... 
M.S. Concen-’ | Se | | 
CLACe w Sc ess | ae oe eeccce 2.80 D 5 ° Ger ee es eee 
Middlings eeel osu. 
Final concen 
trate weccee 
Final mill 
tailing .... 


ee wee 


-96.67| 87.71 


3.33] 12.29 
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Table 13.~ Screen-assay analyses of final concentrate and tailing, 
August, 1932 


Plus lo-niesh i _._ Plus las 200—mosh Minus 200-mesh 

‘|Weight, Assay, . Weight,|: a Asuacr, Assay, 
per- | ounces per ton| per- ounces rer ton rer qunces per ton 
cent | Gold -{ Silver/ cent. | Gold. |.Silver | cent Silver 


Final con- a 
centrate,. (2906 4.47 | 39.26 11.4 | 2.96 33.92 | 59.0: | 1.92 64. 80 


Tailing... 12.9 O21 98 | 12.6 © ' O22. + 90 74,5 | e015 81 


DEWATERING OF CONCENTRATS 


Referring to the flow sheet of dewatering of: coucextrate given in figure 
6, all concentrates are collected in one foot Dorr thickesern The thicixened 
pulp is delivered vy a No. 4 Dorrco sim;lex pump to a pump feed box end from 
there it is elcvated in two-stages by Zinch and Q-inch Wilfley pumps to an 
18~foot thickener located above the tram terminal bins. Lime is used to aid 
settling and is added to the pulp at the rate vf 0.3 pound ‘per ton of concen- 
trate. 

The thickened pulp from the 18-foot thickener is apieysves to either of 
two Oliver filters, 5 feet 4 inchés by 6 feet or 5 feet 4-inches by 4 feet in 
size. The filters are so situated that the cakes, when Gischarging from the 
crums, drop into the concentrate bin and from tnere are drawn by gravity into 
buckets and conveyed by aerial tranway'to the bunkers at-the dock. 


A flapping mechanism, shown in figure 7, is used to aid filtering. Before 
this mechanism was installed on the filters it was noted that a film of ex- — 
tremely fine material formed on the surface of the cake when the drun rotated 
through the pulp in the hopper, thus restricting the passage of air through 
the cake and retarding the removal of moisture.: The use of the flapping 
mechanism brcke this film and reduced woisture content from 11.3 to 10.0 per- 
cent. The production af coarse cleaned primary concentrate further reduced 
the moisture content from 10.0 to 3.3 percent. Filtering data are presented 
in table vee 


Table 14.~ Filtering data 


es | Filter 1. Filter 2 


ee 

DiZOs LOSE. sei vee chee oon ceed en seeeiane ss ewweees 
Vacuum, inches of mercury at 1,400 feet elevation 
ORL. OL CLOG. 250 4 6oe%s ose sabes ane seas aeersuais 
Average life of cloth .....-.--+++-.-- © GAYS... 1.0. 
Average duty ‘per 24 hours ...--cerecesce: TOMS... 060 
Solids in feed pulp...s.sseeeeees ‘seceee percent... 
Moisture in cake...csseveccees eovcecces: Ue cove 
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METALLURGICAL DATA 
Metallurcical date for _ year 1931: are given in table ‘15.0 a 


Tabvle- 15.- Metallurgical data, 1933 « 


Assays of heads: 


Gold sutieciad sedan’ ws teeeenes OUNCES Veeseteee | . 9 0. 205. 
SIIVGr’ tcecedciscerueemeaeene © CO: wecoedee 593 > 
Cre treated, <cv.csasosiedaan dees oecoeeus o» tons .........] 169,760.52 | 
Days operated: : | | i i Senn 
Marcy Ani G -ooeni es. cerienes es Laeenhs See heeteeaiel 345.80 
Hardinge er cece eee cc eccceene LN crate eats Gi caes 346.76 
Operating time; | a. ect, 
MAYCY UNL os:owcise ete ee ere awe percent oc cecvee 95.00 
Hardinge unit ane ee op omer ee ara do - evceceece 95.206 
Average ore milled per 24-hours: 7 . 
Harcy unit estes eee eeeeeeees e tons 6... cncee 176.35: 
 Hardinze unit Viecsscesestecce GO. soccesese|. ,290-02 
‘Total Sree seme GO. sececsoee] > 966.37 © 
Recovery Of 201d ivdc vesiweiewee screws coos PETCENE secercoe 93.35 
Recovery of Gilver seccecsccsececccccees GO  — severace 86.29 
Concentration ratio, tons intel’: saiigecine Ua Sane SSRs ate | 8 rhe 
moisture in concentrate ..:....:.....5+6 percent sessoes. 7 8.28 
Net water consumption per’ ton ar ae 
Of OTE MillEG or .cccececcesacancces imperial gallons | 700. 
Ball consumption per ton of ore milled.. POUMAB..crereesee : 4.17 
Liner consumption per ton of ore milled. do  ........ ‘ » 526 
Consumption of reagonrs per ton of ore mp Tea 7 _ 
RETOLLOST cic 4 ois oe swbiew see POUNCE swecs's es «280 
Sodium carbonate .cc.eeseesesee : GO sete eretelew aces, 020. 
Cyanide (cyanamid) . ie eseecas. & EO); nt 012° 


ee ee Ee ee ey TE —$ $$ _ - a . - 2 
SAMPLING 
The sample of mill heads is taken by Galigher automatic saneiste which 
cut the overflow pulps of the primary classifiers at 7-minute intervals. An 


accurate sample of, the ore actually milled is obtained by this method, as 
the grinding has peen sufficiently fine to permit of accurate sem rine 


- 
_ 2 * © © we wpe. 
OE Oe ee el 


Tne main tailing launder is equipped with a similar automatic sampler 
wnich takes the tailing sample, cutting the pulp stream at 7-minute intetVals. 


| The grab samples of shipping concentrate are fsen during the jonding or 
each tramway bucket. Each bucket carries approximately 1,050 pounds. Over @ 
period of years this method of sampling has wAptaes: results which have Grocers 
saelter assays remarkably closely. 
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All intermediate concentrator products are sampled by hand. 


All samples are for 24-hour periods and are collected at 10 p.m Assay 
results from these samples are available the folloving day at 1:30 p.m. 


EXPERIMENTAL LABORATORY 


An experimental laboratory is maintained in connection with the milling 
operations. 


WATER SUPPLY 


The fresh~water supply is obtained entirely from the mine. The water 
flows from the upper mine workings to the mill supply fank. The mine water 
contains no substance injurious to flotation, and has a pH value of < Le 
The approximate yearly average temperature of this water is 36°. — 


LABOR 


Few changes occur in the personnel of the operating crew, with tne 
result that the men have become very familiar by observation with the changes 
in the ore passing througn the nlmt. Operators are able to make necessary 
changes. to take.care of these fluctuations, in time to avoid disruptions in 
the circuits. Observations from panning various mill products or the use of 
"pilot" tables are not eponemnars as guides to flotation efficiency on 
Premier ore. 


Milling operations are in charge of the mill superintendent, who is 
directly respcnsible to the management. The assistant superintendent is in 
charge of day-shift operations. A shift boss has charge of operations on 
afternoon and night shifts. | 

The repair crew is in charge of a repair foreman, who with two repair- 
men, take care of all routine. repair work. One of the repairmen, who is an 
electrician, looks after minor electrical repairs and motor inspection. All 
major repairs are turned over to the mechanical department. | 


There are 25 men employed in the mill. Positions and rates of pay are 
listed in table 16. 7 _ 
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Table 16.- Lebor data 


Aer een Lean eee mee ; 


Position Wes Number oF men | Rate per cour 
Superintendent ns - 1 salary 
Sis DOSses she vccuduseeaeiane acest 3 SO.78 - 
Jaw Crusher o.v.viccccccvecccesccsesce 3 ¢5D0 > 
GYPaAtOLy “CRUSHED 6.0aii60.46% sence owas +) 0&3 
By 29 ae co ie aa eee ee eo ae a ee ies 3 51 
PLOCA0LON 26 se-okaseienees tee ew eweeee 3 «56 
PLLter cc vccsessecccvccscerscccscccves| ©... +4. « Bm 05o |, 
Repair Pores vctesseustecieosveveesl: a. aa & MB ee 
REPALIMET oe esecccescreccecsccerssscaee 2 2 OG: 
DPEADOTSLS: i coissc we Scare eee Sie wie tees ween ee 1 er 
CONVEY OIMCI 40005 645s cee tews Sent ea 1 £8 
Testing denartment ...ceccrccccccceces es Salary 

| ere | 


.Sunplies are issued as required by the warehouse department upon requisi-_ 
tions signed by the mill superintendext. These requisitions, after passing 
tiurovgh the rarehiouse, arc checized daily by” the nangj;ement and returned tothe 
mill suverintendent. 


On account’ of the distance from the scurce of ‘supply for. repair parts, 
reagents, etc., “it is neces sary to: anticipate ‘mili requirencuts from 1 to 3 
montns in advance. ° : a3 


CLIMATE oe os 


, 
_ Ne 


As the: sida ‘is coneeieey mild, very, little, heating in the mill | 
yuilding -is-necéssary. ‘Orin: to the occasional ‘extremely heavy snowfall, _how- 
ever, ver; stronz building constriction is° Pequired. 


Weatlier reports for the years 1925 =: to’ ISB1,; inclusivyé, are sown in 
table 17. 
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Table 17.- Weather reports, years 1925-1931 


| «| Fenperatures, op. 


I.G. 6742 


r VULON, nenes 
Year ee te 
Maximum ifinimun wé6éan Snowfall Rainfall 
1925 36 =“1.C 42.5 559 31.16 
| 1926 82 1.0 41.0 454 — 51.63 
- 1927 86 ~€.0 | 07.0 555 50.00 
1928 | ©8165 9.0 —  - 41.0 492 55.66 
1929 78 6.0 41.0 045 46.00 - 
1930 81 209 °" 41,4 499 49.82 
POWER 


All demniaeey: is run ov motors, pover for whicn.-is. 5. supplied from the com- 
pany's own: plant... This mlant is si tuetea on Sascude- Creek, half a mila below 
the mill,; Tue plant consists of six Feirbanks-Moree. Diesel engines. with a 
total combined capacity of 1,680 up.; one d-ramner, low-lhead Peltcn wheel of 
=e hp. wand two sinsle-rcnner hie? “nead Pelton wheels with a combined capacity 
fe) 550 pe ;  * Se eae Po Geb Weave 


ia ai 
© Pie 


oe 5 6 8 wg 


and euring the winter, . ed to the lack of water, the Diesel engines are 
used. Power is-generated anc transnitted at 2,300 volts.and is stepped down 
for some of the motcrs to 440, and or lighting to. 110 volts. 

| A summary of power consumption and ai strivution for. the year 1931 is 
presented ‘in table 18. . _ eee oo : 


éble 10. Sumary of poner gonsumption for 1931 
(159,760 toas of ore treated) 


Pe ioeattenours Kilowatt-hours Percent of 

yer ton total power 
Primary breaking wee... 200, LEI 1.393 14.46 
Secondary breaking ...... “96,027 2-333 747 
Primary grinding ..-.cseces 1,211,682 7.158 22. 84 
Secondary grinding ...... $72,908 5.726 18.32 
Classification ......... ‘ 76,562 451 1.44 
FLOTATION. Gs i ou wescemesers 1,023,584 6.118 19.58 
PLIGOLINE: 6:6 6.550600eaeee's 213,044 1.205 4.02 
PMID B! aa eisro seem anreteeen ee 991, 980 5.8435 18.70 
Liphting: 2<csehecaeee's ees 163,120 -990 3.17 
TOtOLG 4250 Sosisesewieeeees 5,304,450 31.247 100.00 
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- . COSTS. 
A summary of milling costs for the year 1921 is presented in table 19. 


Teble 1S.—- Summary of milling costs for 1931 
(169,760 tons of ore treated; 48,389 ounces of gold 
 €nd 868,571 ounces of silver pro@ace@) , 


Cperat= | 
ing Power. Total 
labor 
Primary crushing ...... -| $0.028 | $0.013 $0.92 
Secondary crashing ..... 030 e019 070 
Primary grinding ..-ccserc Pre eer ~070 ooo 
Secondary grinding ..... 1/ 0055] - 055 118 
Classi tying :0606 66.605 0% al geeses, | «eOOS 010 
Flotation ce.s.-. Sie sevarncn é 032 O56 l21 
REAGONES ccccccccencceee! pocnne ti cccece 008." 
Valtering ..ccsccecasver .035.} 019 0051 
Pumps, pipe lines, ana 
Launders cecrececes et ee 047 2090 
Oils, waste, and STEase | «ccragw | cocces 009 
Small tools eecevere eee Setene | sasane 2002 
Motors, wiring, anc. Eee | 
LACHES 0. ccceseperrsepd Cocaed. LT, sesdne e016 
LIZDEINE cescesececes seel wevecce ° ~OO0E 008 
Heating e.cseceesss See AEs! Meme eee »008 
Experimental .......... ° e009 | cvccce » 4008 
Building repairs ...ccce| covcee errs. 2006 
Superintendence «....r.e0), e064 |. ..ccce «064 


Total ceeseeeesseessesee] 00281 | 0.272| ova? | onnn8| On207 | 1.08 


:— 


1/ Primary grinding, secondary srindinz, and classifying. 
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Oliver fitter, showing rubber flapperg for breaking film on fi 


Figure 7.- General arrangement of 
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